Biting midges of the genus Culicoides (Diptera: Ceratopogonidae) were collected during the 
Introduction
Zoos can provide a valuable surveillance system for a variety of zoonoses. The initial isolation and identification of West Nile virus in the United States, for example, was performed by employees of the Bronx Zoo, New York, NY, in 1999 (Centers for Disease Control and Prevention 1999) . This initial isolation and recognition of West Nile virus became the impetus for a mosquitosurveillance program in the Bronx Zoo. However, most other American zoos have not initiated similar surveys to detect potential epizootics (Nelder, unpublished) . Eastern equine encephalitis virus was detected in whooping cranes, Grus americana, from the Patuxent Wildlife Research Center, Laurel, Maryland (Dein et al. 1986 ). The etiological agent of tularemia, Francisella tularensis, was detected in a squirrel monkey, Saimiri sp. (ca. 1989) and another unidentified monkey species (ca. 1988) in the Sacramento Zoo, California (Farlow et al. 2001) . Epizootics in zoos, therefore, offer excellent opportunities to study the epidemiology of diseases with the ultimate goal of preventing further epizootics and epidemics.
While the presence of arthropods such as mosquitoes and cockroaches has been documented in zoological settings (Greenberg and Sanati 1970) , biting midges have been overlooked, though there have been reports of the pathogens transmitted by these flies. For example, viral pathogens of birds (Avipoxvirus spp.), transmitted by biting midges and other biting flies, have been reported from two species of captive owls in two facilities in Florida (Deem et al. 1997) . Species of Haemoproteus, avian blood parasites transmitted by biting midges and other biting flies, have been recorded from infected birds in zoos of California (Schrenzel et al. 2003; Ziman et al. 2004), Michigan (DeJong and Muzzall 2000) , Oklahoma (Halpern and Bennett 1983) , and Texas (Ferrell et al. 2007 ). These cases demonstrate that zoos can be foci of ceratopogonid-borne zoonoses, indicating the need for collaboration between veterinarians and entomologists.
To protect endangered animals and those in conservation and breeding programs, potential threats posed by biting midges should be evaluated. The objectives of this research were to survey biting midges and assess CDC traps equipped with ultraviolet or incandescent lights for their capture efficiency in two zoos in South Carolina: the Greenville Zoo in Greenville and the Riverbanks Zoo in Columbia. Biting midges were collected from May to August 2007, using incandescent and UV traps. Two traps of each type were used in the Greenville Zoo, and three of each type were used in the Riverbanks Zoo. Incandescent and UV traps were run simultaneously for four consecutive nights per month, beginning at 16:00 h, and trap-collection containers (containing live biting midges) were retrieved at 08:00 h each of the four consecutive mornings. A trap night was defined as the period from deployment of a single trap until collection the next morning. Dead animals and nests, when available, also were examined for flies.
Materials and Methods

Study sites
All specimens were fixed in 95% ethanol for subsequent clearing in phenol-alcohol and slide mounted in phenol-balsam, following the methods of Wirth and Marston (1968) .
Culicoides species were identified with keys and illustrations by Battle and Turner (1971) , Blanton and Wirth (1979), and Wirth et al. (1985) and by comparison with specimens in the collection of WL Grogan. Representative specimens were deposited in the Clemson University Arthropod Collection and the synoptic collection of ceratopogonids maintained by WLG at Salisbury University.
Statistical analyses
The mean numbers of biting midges per trap night were analyzed using a two-way ANOVA, comparing means between trap types, using month as a block, and following the general statistical methodology of Zar (1996) . Tests were considered significant at p < 0.05.
Results
Sixteen species of Culicoides (Diptera: Ceratopogonidae) were collected from the zoos, with 10 species from the Greenville Zoo and 12 species from the Riverbanks Zoo (Table 1) . Six species were present at both zoos: Culicoides guttipennis (Coquillett), C. obsoletus (Meigen), C. paraensis (Goeldi), C. sanguisuga (Coquillett), C. scanloni Wirth and Hubert, and C. stellifer (Coquillett). A total of 101 biting midges were collected at the Greenville Zoo, 90% of which were represented by two species, C. guttipennis (n = 59) and C. obsoletus (n = 32). At the Riverbanks Zoo, 88 specimens of Culicoides were captured, 81% of which belonged to four species: C. sanguisuga (n = 31), C. mulrenanni Beck (n = 25), C. stellifer (n = 8), and C. guttipennis (n = 7).
The incandescent traps, for both zoos combined, collected 38 individuals, representing 20% of the total number of Culicoides trapped. In the Greenville Zoo, the mean number of C. guttipennis per trap night was significantly higher in UV traps than in incandescent traps (F 2, 45 = 12.8, p = 0.001) ( Table 2 ). In the Riverbanks Zoo, the mean number of C. mulrenanni per trap night was not significantly higher in UV traps than in incandescent traps (F 2, 45 = 3.7, p = 0.06). Mean numbers of C. obsoletus and C. sanguisuga caught per trap night were not analyzed statistically because they were not collected in incandescent traps.
Culicoides species were not observed feeding in the zoo, but females of C. guttipennis were collected from a dead colobus monkey, Colobus guereza Rüppell (Haplorrhini: Cercopithecidae), (one of two animals examined) and a dead golden-headed lion tamarin, Leontopithecus chrysomelas (Kuhl) (Haplorrhini: Cebidae), (one of three animals examined) in the Greenville Zoo. C. husseyi Wirth & Blanton was collected from one of four unidentified, abandoned bird nests in the Greenville Zoo.
Discussion
The 16 species of Culicoides collected in both zoos were typical of those in more rural areas of South Carolina. Suitable habitats for the immature stages of Culicoides are often abundant in zoos. The relatively higher numbers of C. obsoletus and C. sanguisuga in this study are likely due to the abundance of larval habitats of these two species in the zoos, including moist leaves and dung-laden straw (Jamnback 1965) . C. guttipennis inhabits water-filled treeholes, a habitat found throughout the zoos and surrounding properties.
The collection of the coastal, salt marsh species, Culicoides furens (Poey), with a UV trap in the Riverbanks Zoo was unexpected. Adults of this species in the US Virgin Islands might be carried by prevailing winds for at least 6.4 km over low mountains (366 m) (Williams 1962) , and adults in Panama could be carried up to 3.2 km by winds (Breeland and Smith 1962) . (Mullen 2002) .
In zoos of South Carolina, surveillance for biting midges would best be served using UV traps because of the relatively greater abundance of biting midges caught by these traps and because no species was collected exclusively in incandescent traps. Competition from other incandescent light sources in and around a zoo likely reduces the collection efficiency of incandescent traps. The efficiency of traps for capturing biting midges differed geographically, and surveillance measures might need to be tailored for specific zoos. Surveillance programs should take into account the height at which biting midges seek hosts in the canopy. Some species in our study, such as C. crepuscularis Malloch, C. haematopotus Malloch, C. hinmani Khalaf, C. scanloni, and C. villosipennis Root & Hoffman, more frequently are collected higher in the canopy (Swanson 2007) . Surveillance programs at zoos should consider the target species and vary the height of traps to sample the regional biting midge community. 
